From a total of 72 commercial layer and pullet farms that were monitored in the eastern Japan area, 4 farms had mild to severe respiratory disease accompanied by decreased feed intake and drop in egg production. Microbiological analysis showed that 3 of the 4 farms, particularly from Fukushima, Tochigi, and Ibaraki prefectures, were positive for Ornithobacterum rhinotracheale (ORT). Out of 65 birds examined, ORT was isolated in 21 birds (32.31%). All isolates were Gram-negative pleomorphic rods with a colony size of 0.05 mm, translucent with grayish coloration, and with butyric smell after 48 h of incubation in 10% chicken blood agar at 37
INTRODUCTION
Ornithobacterium rhinotracheale (ORT) is an emerging poultry pathogen from the rRNA superfamily V, which has been incriminated as a possible additional causative agent in the respiratory disease complex of poultry (Vandamme et al., 1994; van Empel and Hafez, 1999; Kilic et al., 2009) . Clinical signs of ORT include coughing, sneezing, and nasal discharge followed by severe respiratory distress, dyspnea, prostration, and sinusitis, which, under clinical field conditions, are accompanied by a reduction in feed consumption and water intake (Marien et al., 2005) . Pathological lesions of ORT infection include rhinitis, tracheitis, airsacculitis, fibrinopurulent exudates in the pleura, and unilateral or bilateral consolidation of lungs van Empel et al., 1996; Sprenger et al., 2000) .
ORT has been reported in Germany, the United States, Israel, South Africa, France, The Netherlands, Hungary, Austria, Slovenia, Belgium, Italy, England, Ireland, Canada, Peru, Iran, India, Turkey, Thailand, Taiwan, Malaysia, Korea, China, and Indonesia (Chin and Droual, 1997; van Empel and Hafez, 1999; Lopes et al., 2000; Zorman-Rojs et al., 2000) and is suspected to have a worldwide distribution.
In Japan, ORT was detected first in a commercial broiler farm in southern Japan in Kagoshima prefecture in 1999 (Sakai et al., 2000) . However, since this study, no other studies have been conducted in Japan, especially on layer chickens. Although ORT is recognized as a primary respiratory pathogen causing acute respiratory disease in turkeys and in broiler chickens (Sprenger et al., 1998; van Empel and Hafez, 1999; van Veen et al., 2000) , the role of ORT as a primary pathogen in layer chickens is not fully understood. Field data such as the ones reported here are important since they may guide poultry clinicians in their understanding of disease profiles of ORT in actual commercial layer operations, which may be helpful in the diagnosis, treatment, and control of this disease.
MATERIALS AND METHODS

Commercial layer farms
A total of 40 commercial layer farms and 32 replacement pullet farms in the eastern Japan area, particularly from Miyagi, Fukushima, Gunma, Tochigi, Ibaraki, and Chiba prefectures, was monitored for occurrence of respiratory disease. The combined chicken population was 7.45 million adult layers and 6.57 million replacement pullets.
Serological profiling
Ten serum samples were randomly collected from all flocks of each farm at least once a mo starting at 40 d of age until culling. In total, at least 4,000 serum samples were collected per mo for 12 months. Antibody titers against Newcastle disease, infectious bronchitis, infectious bursal disease, egg drop syndrome, infectious coryza, avian influenza, Marek's disease (MD), Mycoplasma gallisepticum, and Mycoplasma synoviae were regularly monitored using hemagglutination inhibition tests, rapid slide agglutination tests, agar gel precipitation tests (AGP), and commercial ELISA kits (IDEXX Lab., Westbrook, MA) following manufacturers recommendations and published protocols (OIE, 2012 (OIE, , 2017 .
Bird sampling
When flocks were observed to show marked respiratory disease, such as nasal discharges, decrease in feed consumption, decrease in egg production, and increase in morbidity and mortality during routine monitoring, special disease investigations were conducted. Three to 10 samples of sick and one normal bird as control were collected per flock of each farm per visit. A total of 650 biomaterials from 65 birds was collected for gross morphological, microbiological, and molecular analyses throughout the study.
Bacterial isolation
All sampled chickens were killed by cervical dislocation. Feathers and skin of each chicken were disinfected with a 3:1 solution of 70% ethyl alcohol and 10% iodine. The abdominal cavity was opened aseptically. Using a sterile cotton swab, biomaterials examined per bird were the heart, spleen, liver, kidney, ovary, oviduct, lungs, airsac, and tracheal and infraorbital exudates. Samples from these organs were inoculated in heart infusion agar (Eiken, Tokyo, Japan), 10% chicken blood agar (Eiken, Tokyo, Japan), desoxycholate hydrogen sulfide lactose agar (Eiken, Tokyo, Japan), and Staphylococcus agar (Eiken, Tokyo, Japan). The incubation was performed for 48 h at 37
• C under 7.5% CO 2 . Portions of the same set of organs were collected and stored in −80
• C for viral isolation. Ornithobacteriumlike colonies were Gram stained and biochemical profiling was performed using API-20 NE (BioMérieux SA, La Balmes-Les Grottes, France) and inoculation in MacConkey agar (Eiken, Tokyo, Japan) and chocolate agar (Eiken, Tokyo, Japan).
Virus isolation
Virus isolation was performed on samples that may be suspected of virus infection. The homogenates of each organ (heart, liver, spleen, ovaries, oviduct, kidney, lungs, and air sac) and samples of infraorbital exudates were inoculated into 10-day-old embryonated chicken eggs via the allantoic cavity for viral isolation. The allantoic fluid was collected from eggs 72 to 96 h after inoculation or when the embryos died. Hemagglutination and change in embryo condition were checked. Samples of harvested allantoic fluid were reinoculated into the allantoic cavity of 10-day-old embryonated chicken eggs. These procedures were performed and repeated up to the fifth generation to confirm negative virus isolation results.
Polymerase chain reaction
Fresh inoculums of 48 h ORT-like colonies were suspended in 1 mL distilled water until a turbidity of McFarland number 5 was achieved. These suspensions were incubated at 37
• C for 30 min and used for PCR analysis. Primers used in this study were OR16S-F1 (5 -GAGAATTAA TTTACGGATTAAG-3 ) and OR16 S-R1 (5 -TTCGCTTGGTCTCCGAAGAT-3 ), which were specific in amplifying a 784-base-pair amplicon of the 16S rRNA gene of ORT (Van Empel and Hafez, 1999) . PCR was conducted in a touchdown thermal cycler (Bio-Rad, Osaka, Japan) using KOD Dash polymerase (Toyobo, Osaka, Japan) according to the manufacturer's protocol. Amplification was obtained with an initial denaturation step at 94
• C for 5 min, followed by 45 cycles at 94
• C for 30 s, 52
• C for 1 min, and 72
• C for 7 min (Kilic et al., 2009 ). The amplified products were visualized using ethidium bromide (0.5 μg/mL) after performing electrophoresis at 70 volts for 30 min in 1.5% agarose gels. PCR products with a molecular size of 784 bp were considered for identification as ORT.
Serotyping
Boiled extract antigens (BEA) were prepared by washing 48 hr ORT cultures grown in 10% chicken blood agar at 37 o C under microaerophilic conditions (7.5% CO 2) with 10 mL phosphate buffered saline with 1% formalin until turbidity of McFarland 5 was achieved. Subsequently, the suspensions were boiled at 100
• C for 60 min in a water bath. The suspensions were centrifuged at 50,000 rpm for 15 minutes. After centrifugation, the supernatants were used as antigens in AGP tests.
The AGP test was performed by preparing Standard agar-8.5% NaCl-0.1% thimerosal in a petri dish. Patterns consisting of 5 wells (2 mm in diameter) located around a central well at a distance of ±5 mm were punched out from the agar. The peripheral wells were filled with 10 uL of BEA while the central well was filled with standard serum. Standard serum was obtained from Dr. E. Sakai (Intervet, Japan). The plates were incubated for 48 hr at 37
• C and were then observed for precipitation lines under UV light.
Antibiotic susceptibility tests
The antibiotic susceptibility test using the KirbyBauer standard disk diffusion method was performed on the ORT isolates following the guidelines of the Clinical and Laboratory Standards Institute for fastidious Gram-negative organisms (Clinical and Laboratory Standards Institute, 2002) . The antibiotics used were as follows: amikacin (30 μg) (BD, Tokyo, Japan), amoxicillin clavulanic acid (30 μg) (BD, Tokyo, Japan), ampicillin (10 μg) (BD, Tokyo, Japan), cephalothin (30 μg) (BD, Tokyo, Japan), ciprofloxacin (5 ug) (BD, Tokyo, Japan), colistin (10 ug) (BD, Tokyo, Japan), doxycycline (30 ug) (BD, Tokyo, Japan), erythromycin (15 ug) (BD, Tokyo, Japan), gentamicin (10 μg) (BD, Tokyo, Japan), kanamycin (30 μg) (BD, Tokyo, Japan), neomycin (30 ug) (BD, Tokyo, Japan), norfloxacin (10 μg) (BD, Tokyo, Japan), ofloxacin (5 μg) (BD, Tokyo, Japan), polymyxin B (300 IU) (BD, Tokyo, Japan), spectinomycin (100 μg) (BD, Tokyo, Japan), streptomycin (10 ug/mL) (BD, Tokyo, Japan), sulphamethoxazole-trimethoprim (23.75 + 1.25 μg) (BD, Tokyo, Japan), and tetracycline (30 μg) (BD, Tokyo, Japan).
RESULTS AND DISCUSSION
Previous to this study, ORT had not yet been isolated in layer chickens in Japan, and its role in respiratory infections in layer chickens is not fully understood. From a total of 72 commercial layer and pullet farms investigated in the eastern Japan area, 4 farms were observed to have severe respiratory disease (5.56%). Five flocks from 3 of the 4 layer farms (75%) investigated, particularly from Fukushima, Tochigi, and Ibaraki prefectures, were positive for ORT. To the best of our knowledge, this is the first report of ORT infection in layer chickens in Japan.
The ORT-infected flocks in Fukushima prefecture were from a commercial farm with a population of 800,000 layers in 20 semi-windowless multiple house in-line complexes and 200,000 replacement pullets in 5 windowless houses. The affected layer chickens were from 2 different flocks of 40,000 birds each. The cases were observed at least 9 mo apart starting at 150 and 180 d of age. The affected flocks in Tochigi prefecture originated from a multi-age layer house composed of 3 flocks of 11,000 birds. The affected farm had a population of 66,000 layers in 5 conventional layer houses and 10,000 replacement pullets in 2 conventional pullet houses. Severe respiratory problems with more than 20% decrease in egg production were reported approximately at 185 and 210 d of age. The affected flock in Ibaraki prefecture was from a layer farm composed of 160,000 birds in 5 windowless houses. The affected flock originated from one layer house with a population of around 32,000 birds. The onset of the disease was around 170 d of age.
In all of the 4 cases, clinical signs observed were the presence of bilateral nasal discharges, decrease in feed consumption, decrease in egg production, moderate to severe respiratory signs, and increase in morbidity. Some flocks were observed to have low body weights, atrophied comb and wattle, weakness, paralysis, conjunctivitis, iridocyclitis, and an increase in mortalities of up to 3.21% (Table 1) . A total of 65 birds was collected for necropsy and microbiological analyses. Gross morphological examinations revealed that most birds had serous to purulent mucoid exudates in the infraorbital sinuses and trachea, mild to severe air sacculitis, and consolidations in the lungs. Most lesions observed were confined in the upper respiratory tract. Friable swollen liver and mild splenomegaly were observed in some flocks, but no ORT colonies were isolated from these organs. Overall, clinical signs and lesions of ORT in layer chickens observed in this study were not pathognomonic and may be associated with other respiratory diseases. In the study of van Empel and Hafez (1999) , gross lesions in ORT-infected birds include a fibrinopurulent, often unilateral pneumonia, airsacculitis, pericarditis, tracheitis, sinusitis, and arthritis. In addition, Leghorn chickens have been reported to be the least susceptible to ORT infection as compared with broiler chickens and turkeys.
Microbiological examination was performed on 650 biomaterials from the 65 birds examined. ORT colonies were isolated from 21 birds. With an isolation rate of 32.31%, the high isolation rate obtained in this study maybe in agreement with the studies of Sakai et al. (2000) who reported an ORT seropositive rate of 12.7% and suspect rate of 41.9% in Japan. However, due to variable sample sizes, flocks with complicated diseases might have been overrepresented in this study. The presence of other pathogens and compounding factors in these cases also might have influenced the high isolation rate obtained in this study (Table 1) .
Morphological and biochemical analyses showed that all ORT isolates were Gram-negative pleomorphic rods with a colony size of 0.05 mm, translucent with grayish coloration, and with butyric smell in 10% chicken blood agar after 48 h of incubation at 37
• C under microaerophilic conditions (7.5% CO2). Incomplete hemolysis was noted when the colonies were incubated for more than 48 hours. All isolates did not grow in MacConkey agar, desoxycholate hydrogen sulfide lactose agar, or Staphylococcus agar but growth was Table 2 . Biochemical profile of all ORT isolates using API20 NE.
Biochemical test Results
Catalase test
exhibited in brain and heart infusion agar, brain and heart infusion broth, and in chocolate agar. All isolates reacted positively in the p-nitrophenyl-β-dgalactopyranoside test within 3 h and were positive in cytochrome oxidase tests with an API 20NE identification system biocode of 0-0-2-0-0-0-4 (Table 2) .
In this study, all ORT isolates were negative in the urease test and arginine dehydrolase. In the study of van Empel (1996) No pathogenic viruses were isolated during the study. However, serological analyses showed that 13 out of 50 blood samples (26%) from Fukushima B were positive for MD virus (MDV) using the AGP test. Furthermore, 18 out of 20 sick birds (90%) had gross and histopathological lesions suggestive of MD. Gross lesions observed were numerous visceral tumors in the liver, spleen, kidney, and lungs. Histopathological examinations showed characteristic microscopic MD lesions, such as pleomorphic infiltration of lymphoid cells in visceral organs. Three birds from this flock had systemic ORT infection in which ORT colonies were isolated from the infraorbital sinus, conjunctiva, trachea, lungs, airsac, heart blood, liver, kidney, spleen, and ovaries. In other studies, similar findings were observed in broilers and turkeys only after experimental ORT inoculation following prior priming of Newcastle disease virus, avian Metapneumovirus, or infectious bronchitis (van Empel et al., 1996; van Empel and Hafez, 1999) . The unusual isolation of ORT from heart blood and the visceral and reproductive organs of infected hens in a non-experimental field setting may warrant future studies on the possibility of the potential synergistic relationship between MD and ORT in chickens. The agar gel precipitation test showed that all ORT isolates belong to serotype-A. Using monovalent antisera in AGP tests and in ELISA with boiled extract as antigen, 12 serotypes of ORT (A to L) could be distinguished (van Empel and Hafez, 1999) . Also in their study in which 1,091 chicken and turkey isolates of ORT from all over the world were investigated serologically using the AGP test, serotype A was found to have the highest prevalence (95%) in chicken, while turkey isolates were more heterogeneous, being divided among the serotypes. For confirmation, representative strains from each flock were selected and subjected to molecular analysis. Using specific ORT primers, all representative strains were positive in PCR by yielding a 784 bp amplicon of the 16S rRNA gene (Fig 1) .
The antibiotic susceptibility test using the KirbyBauer standard disk diffusion method showed that the ORT strains were resistant to most aminoglycosides (amikacin, gentamicin, kanamycin, and neomycin), polymyxins (colistin and polymyxin B), and sulfonamides (sulfamethoxazole trimethoprim) (Table 3 ). In contrast, ORT strains were found to be susceptible to beta-lactams (amoxicillin clavulanic acid and ampicillin) and to tetracyclines (doxycyline and tetracycline). Variable antibiotic susceptibility profiles were observed for quinolones (ciprofloxacin, norfloxacin, and ofloxacin) and to macrolides (erythromycin). At present, no comparable data are present in Japan.
In conclusion, this study investigated the characteristics of ORT in layers in eastern Japan. Clinical signs and necropsy lesions of ORT were not pathognomonic but the isolation rate was high in the region. Furthermore, most ORT cases were observed to be complicated with other poultry pathogens. It is suggested that ORT infection must be included in the differential diagnoses of any poultry diseases, especially those complicated with respiratory signs. Bacterial isolation (with and without gentamycin), confirmation with the AGP test, and biochemical analysis or PCR are recommended in diagnosing ORT infection, but its role as a primary pathogen or as an opportunistic infection in layer chickens may need further investigation. Future studies on the potential interaction of ORT with other pathogens, especially those detected in this study, are recommended, since they may give important insights on the disease mechanisms of ORT in layer chickens.
